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Abstract
7KHFRPPXQLW\VWUXFWXUHRIGXQJEHHWOHVDWWUDFWHGWRGXQJRIJDXU Bos gaurus +6PLWK
$UWLRGDFW\OD%RYLGDHDQG$VLDQHOHSKDQW Elephas maximus /LQQDHXV3URERVFLGHD(OHSKDQWLGDHLV
UHSRUWHGIURPWKHPRLVWIRUHVWVRI:HVWHUQ*KDWVLQ6RXWK,QGLD7KHGRPLQDQFHRIGZHOOHUVRYHU
UROOHUVSUHVHQFHRIPDQ\HQGHPLFVSHFLHVSUHGRPLQDQFHRIUHJLRQDOVSHFLHVDQGKLJKHULQFLGHQFHRI
WKHROGZRUOGUROOHU Ochicanthon laetumPDNHWKHGXQJEHHWOHFRPPXQLW\LQWKHPRLVWIRUHVWVRIWKH
UHJLRQXQXVXDO7KHGRPLQDQFHRIGZHOOHUVDQGWKHORZHUSUHVHQFHRIUROOHUVPDNHWKHIXQFWLRQDOJXLOG
VWUXFWXUHRIWKHGXQJEHHWOHFRPPXQLW\RIWKHUHJLRQGLIIHUHQWIURPDVVHPEODJHVLQWKHPRLVWIRUHVWVRI
VRXWK(DVW$VLDDQG1HRWURSLFVDQGPRUHVLPLODUWRWKHFRPPXQLW\IRXQGLQ,YRU\&RDVWIRUHVWV7KH
DELOLW\RIWD[RQRPLFGLYHUVLW\LQGLFHVWRUHODWHYDULDWLRQLQGXQJSK\VLFDOTXDOLW\ZLWKSK\ORJHQHWLF
VWUXFWXUHRIGXQJEHHWOHDVVHPEODJHLVKLJKOLJKWHG&RPSDUDWLYHO\KLJKHUWD[RQRPLFGLYHUVLW\DQG
HYHQQHVVRIGXQJEHHWOHDVVHPEODJHDWWUDFWHGWRHOHSKDQWGXQJUDWKHUWKDQWRJDXUGXQJLVDWWULEXWHGWR
WKHKHWHURJHQHRXVQDWXUHRIHOHSKDQWGXQJ)XUWKHUDQDO\VHVRIFRPPXQLW\VWUXFWXUHRIGXQJEHHWOHV
DFURVVWKHPRLVWIRUHVWVRI:HVWHUQ*KDWVDUHQHHGHGWRDVFHUWDLQZKHWKHUWKHDEXQGDQFHRIGZHOOHUVLV
DUHJLRQDOSDWWHUQVSHFLILFWRWKHWUDQVLWLRQDO:D\DQDGIRUHVWVRIVRXWK:HVWHUQ*KDWV
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'XQJ EHHWOHV DUH D FRQVSLFXRXV FRPSRQHQW RI WKH
GLYHUVLW\ RI LQVHFWV LQ $IURWURSLFDO UDLQ IRUHVWV
+DQVNL  +DQVNL DQG &DPEHIRUW 
+DQVNL DQG .ULNNHQ  'DYLV D (VFREDU
 )HHU  (VWUDGD DQG &RDWHV(VWUDGD
 6FKHIIOHU  7KH\ XVH GXQJ SURGXFHG
E\ IRUHVW YHUWHEUDWHV SDUWLFXODUO\ PDPPDOV DQG
RFFDVLRQDOO\ WKDW RI ELUGV DQG UHSWLOHV +RZGHQ
DQG <RXQJ  +DQVNL DQG &DPEHIRUW 
(VWUDGD DQG &RDWHV(VWUDGD  .UHOO HW DO
 DV IRRG DQG DV D VXEVWUDWH IRU RYLSRVLWLRQ
+DOIIWHU DQG (GPRQGV  +DQVNL  *LOO
 7KH SUHVHQFH RI D YDULHW\ RI
GXQJSURGXFLQJ PDPPDOV KDV HIIHFWV RQ WKH
UHODWLYH DEXQGDQFH DQG GLYHUVLW\ RI GXQJ EHHWOHV
&DPEHIRUW DQG :DOWHU  +DQVNL 
(VWUDGD HW DO  6LQFH VXFK UHVRXUFHV FDQ EH
H[WUHPHO\ SDWFK\ LQ VSDFH DQG WLPH UHVRXUFH
SDUWLWLRQLQJ DQG FRPSHWLWLRQ EHWZHHQ
FRRFFXUULQJ VSHFLHV SOD\V D PDMRU UROH LQ
VWUXFWXULQJ GXQJ EHHWOH FRPPXQLWLHV +DQVNL
 )HHU DQG 3LQFHERXUGH  %DVHG RQ WKHLU
QHVWLQJ VWUDWHJLHV GXQJ EHHWOHV DUH GLYLGHG
EURDGO\ LQWR WKUHH IXQFWLRQDO JURXSV viz., UROOHUV
WHOHFRSULG QHVWHUV WXQQHOHUV SDUDFRSULG
QHVWHUV DQG GZHOOHUV HQGRFRSULG QHVWHUV
&DPEHIRUW DQG +DQVNL  5ROOHUV IRUP IRRG
EDOOV IURP D GXQJ SDW ZKLFK DUH UROOHG DZD\
EXLOG D WXQQHO DQG EXU\ LW IRU XVH LQ IHHGLQJ DQG
EUHHGLQJ 7XQQHOHUV FUHDWH XQGHUJURXQG
FKDPEHUV EHQHDWK GXQJ SDW DQG FRQVWUXFW QHVWV
XVLQJ GXQJ IURP WKH SDW ZKHUHDV GZHOOHUV EUHHG
LQ WKH GXQJ SDW LWVHOI 7KLV IXQFWLRQDO VWUDWLILFDWLRQ
DOORZV GXQJ EHHWOHV WR PLQLPL]H WKH LQWHQVH
FRPSHWLWLRQ IRU OLPLWHG IRRG DQG VSDFH DQG DOVR WR
SURWHFW WKH IRRG IURP DGYHUVH HQYLURQPHQWDO
FRQGLWLRQV +DOIIWHU DQG (GPRQGV 
&DPEHIRUWDQG+DQVNL
'XQJ EHHWOHV KDYH D YDULHW\ RI HIIHFWV RQ WKH
HFRV\VWHP %\ EXU\LQJ GXQJ DQG FDUULRQ DV IRRG
IRU WKHLU RIIVSULQJ GXQJ EHHWOHV PD\ LQFUHDVH WKH
UDWH RI VRLO QXWULHQW F\FOLQJ +DOIIWHU DQG 0DWKHZV
 %RUQHPLVVD DQG :LOOLDPV  1HDOLV
 DQG UHGXFH HJJ DQG ODUYDO SRSXODWLRQV RI
SDUDVLWLF IOLHV SUHVHQW LQ IUHVK GXQJ RI PDPPDOV
%HUJVWURP HW DO  0DQ\ DFW DV LPSRUWDQW
VHFRQGDU\ GLVSHUVDO DJHQWV IRU VHHGV RI VHYHUDO
WUHH VSHFLHV GHIHFDWHG E\ IUXJLYRURXV YHUWHEUDWHV
WKXV SDUWLFLSDWLQJ LQ WKH QDWXUDO SURFHVV RI IRUHVW
UHJHQHUDWLRQ (VWUDGD DQG &RDWHV(VWUDGD 
)HHU  9XOLQHF  $QGUHVHQ  
  $QGUHVHQ DQG /HYH\  ,Q
DGGLWLRQ WKH\ DUH JRRG LQGLFDWRUV RI WKH LPSDFW RI
ODUJH KHUELYRUH DQG KXPDQ LQGXFHG FKDQJH LQ
IRUHVW KDELWDWV +RZGHQ DQG 1HDOLV  .OHLQ
 )DYLOD DQG +DOIIWHU  'DYLV HW DO 
'DYLV E 'DYLV HW DO  0F*RFK HW DO
 YDQ 5HQVEXUJ HW DO  'DYLV HW DO 
%RWHVHWDO
2UJDQL]DWLRQ RI GXQJ EHHWOH FRPPXQLWLHV LV YHU\
VHQVLWLYH WR FKDQJHV LQ DEXQGDQFH RI IRRG
UHVRXUFHV YHJHWDWLRQ VWUXFWXUH PLFURFOLPDWLF
YDULDEOHV DQG VRLO FKDUDFWHULVWLFV 1HDOLV 
+DOIIWHU HW DO  /XPDUHW HW DO  2VEHUJ HW
DO  'DYLV  (VWUDGD HW DO  (VFREDU
 'DYLV  &KDQJHV LQ FRPPXQLW\
RUJDQL]DWLRQ RI GXQJ EHHWOHV LQFOXGH FKDQJHV LQ
VSHFLHV ULFKQHVV VSHFLHV FRPSRVLWLRQ DEXQGDQFH
DQG JXLOG VWUXFWXUH e.g. DFFRUGLQJ WR WKHLU GLHW
DQG WKHLU UHVRXUFHUHORFDWLRQ EHKDYLRU 'XQJ
EHHWOH FRPPXQLWLHV DUH VWURQJO\ LQIOXHQFHG E\
GXQJ W\SH DQG WKH\ FKDQJH LQ UHODWLRQ WR WKH
DYDLODELOLW\ RI GLIIHUHQW GXQJ W\SHV /XPDUHW HW DO
 'DYLV  'DYLV  7KRXJK PDQ\
GXQJ EHHWOHV DUH JHQHUDOLVWV DQG GR QRW VKRZ DQ\
GXQJ SUHIHUHQFHV VRPH DUH VWULFW VSHFLDOLVWV ZLWK
VRPH RU YDULRXV GHJUHHV RI VSHFLDOL]DWLRQ 6RPH
GXQJ EHHWOHV SUHIHUDEO\ VHOHFW FRDUVH ILEUHG GXQJ
RI QRQUXPLQDQWV ZKLOH RWKHUV SUHIHU WKH PRUH
IOXLG DQG ILQH GXQJ RI UXPLQDQWV RU WKH
RGRULIHURXV GXQJ RI RPQLYRUHV 'DYLV  'DYLV
 +ROWHU HW DO  .UHOO HW DO  'XQJ
RI KRZOHU DQG ZRROO\ PRQNH\V Alouatta VSS
Lagothrix VS DQG HOHSKDQWV LV WKH SUHIHUUHG
UHVRXUFH IRU VHYHUDO GXQJ EHHWOH VSHFLHV +RZGHQ
DQG <RXQJ  3HFN DQG )RUV\WK  +DOIIWHU
DQG (GPRQGV  &DPEHIRUW DQG :DOWHU 
(VWUDGD DQG &RDWHV(VWUDGD  (VWUDGD et
al. (VWUDGDHWDO
6WUXFWXUH RI YHJHWDWLRQ LV EHOLHYHG WR EH DQRWKHU
PDLQ IDFWRU GHWHUPLQLQJ WKH RUJDQL]DWLRQ RI GXQJ
EHHWOH FRPPXQLWLHV LQ WURSLFDO UDLQIRUHVWV
+DQVNL DQG &DPEHIRUW  (VFREDU  +LOO
 'DYLV DQG 6XWWRQ  'DYLV HW DO 
+DOIIWHU DQG $UHOODQR  6FKHIIOHU 
)URP $IULFDQ VDYDQQDKV WR 1HRWURSLFDO IRUHVWV
GXQJ EHHWOHV DUH KLJKO\ KDELWDW VSHFLILF DQG WKHUH
DUH GLVWLQFW JXLOGV RI EHHWOHV DVVRFLDWHG ZLWK
IRUHVWV HGJHV DQG SDVWXUH KDELWDWV $OWKRXJK
VRPH VSHFLHV FDQ XWLOL]H PRUH WKDQ D VLQJOH
KDELWDW W\SH FHUWDLQ VSHFLHV PD\ QHYHU EH IRXQG
RXWVLGHWKHLUSUHIHUUHGKDELWDW6FKHIIOHU
+RZHYHU LQ WRWDO FRQWUDVW WR WKH ZHOO GRFXPHQWHG
GDWD RQ WKH FRPSRVLWLRQ FRPPXQLW\ VWUXFWXUH
DQG KDELWDW SUHIHUHQFH RI GXQJ EHHWOH
FRPPXQLWLHV IURP IRUHVWV RI $IURWURSLFDO UHJLRQV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 1D0DSRI,QGLDVKRZLQJWKHORFDWLRQRI:HVWHUQ*KDWVE:HVWHUQ*KDWVDQGFVWXG\VLWHLQ
:D\DQDGUHJLRQRI:HVWHUQ*KDWV
WKHUH H[LVW QR UHFRUGV RI WKH GXQJ EHHWOH
FRPPXQLWLHV RI PRLVW IRUHVWV LQ :HVWHUQ *KDWV
GHVSLWH WKH IDFW WKDW LW LV D JOREDO KRW VSRW RI
ELRGLYHUVLW\ 0D\HUV HW DO  %RVVX\W HW DO
 7KH :HVWHUQ *KDWV LV WKH RQO\ WURSLFDO
IRUHVW HFRUHJLRQ RI WKH ,QGLDQ SHQLQVXOD DQG LV
ZHOO NQRZQ IRU UHJLRQDO YDULDWLRQ LQ YHJHWDWLRQ
UDLQIDOO SDWWHUQV WRSRJUDSK\ DQG KLJK OHYHOV RI
HQGHPLVP DFURVV LWV HQWLUH VWUHWFK 1DLU 
::)  7KRXJK PDPPDOLDQ GLYHUVLW\ LV
ORZHU KHUH WKDQ LQ RWKHU WURSLFDO KRWVSRWV PRLVW
IRUHVWV RI WKH UHJLRQ VXSSRUW LPSRUWDQW
SRSXODWLRQV RI PDQ\ HQGHPLF DQG QRQHQGHPLF
PDPPDOLDQ VSHFLHV GLVSOD\LQJ GLIIHUHQW GHJUHHV
RI IHHGLQJ KDELWV ::)  DGGLQJ
RSSRUWXQLWLHV IRU WKH FRH[LVWHQFH RI YDULRXV GXQJ
EHHWOH VSHFLHV 7KH $VLDQ HOHSKDQW Elephas
maximus /LQQDHXV 3URERVFLGHD (OHSKDQWLGDH
DQG JDXU Bos gaurus + 6PLWK $UWLRGDFW\OD
%RYLGDH DUH WKH PDMRU PHJDPDPPDOLDQ
KHUELYRUHV LQ WKH PRLVW IRUHVWV RI :HVWHUQ *KDWV
-R\  6XNXPDU  ::)  7KH PDLQ
JRDO RI WKLV VWXG\ LV WR JDLQ NQRZOHGJH RI WKH
FRPSRVLWLRQ DQG JXLOG VWUXFWXUH RI WKH GXQJ
EHHWOH FRPPXQLW\ DWWUDFWHG WR JDXU GXQJ LQ D ZHOO
SURWHFWHG PRLVW IRUHVW DUHD LQ :HVWHUQ *KDWV DQG
WR FRPSDUH LWV FRPPXQLW\ VWUXFWXUH ZLWK WKH
EHHWOH DVVHPEODJH DWWUDFWHG WR GXQJ RI WKH $VLDQ
HOHSKDQW WKH RWKHU PDMRU PHJDKHUELYRUH LQ WKH
UHJLRQ DERXW ZKLFK GDWD LV DYDLODEOH IURP HDUOLHU
VWXGLHV6DEXHWDO
Materials and Methods
Study area
7KH VWXG\ ZDV FDUULHG RXW LQ 7KLUXQHOO\ IRUHVWV
P DPVO  NP  ᓉ 1 ODWLWXGH DQG
 ᓉ ( ORQJLWXGH  NP 1RUWK RI &DOLFXW
.HUDOD VWDWH )LJXUH  ORFDWHG LQ WKH QRUWKHUQ
ERXQGDU\ RI VRXWK :HVWHUQ *KDWV :* IRUHVWV LQ
:D\DQDG LQ WKH 1LOJLUL %LRVSKHUH UHJLRQ >
NP@ %LRJHRJUDSKLFDOO\ :D\DQDG LV D WUDQVLWLRQ
DUHD EHWZHHQ WKH PRLVW DQG GU\ GHFLGXRXV IRUHVWV
LQ VRXWK :HVWHUQ *KDWV PRLVW GHFLGXRXV
HFRUHJLRQ ,W KDUERUV KDELWDW UHVWULFWHG HQGHPLF
VSHFLHV DV ZHOO DV GLVMXQFW SRSXODWLRQV RI VSHFLHV
WKDW DUH IRXQG LQ ERWK UHJLRQV 3DVFDO 
5RGJHUV DQG 3DQZDU  ::)  0RLVW
IRUHVWV RI WKH UHJLRQ DUH WKH VXPPHU UHIXJH IRU
KHUGV RI HOHSKDQWV DQG JDXUV IURP WKH GU\ HDVWHUQ
VLGH DV WKH RSHQ JUDVVODQGV DQG VWUHDPV
RULJLQDWLQJ IURP WKH XSSHU UDQJHV WRJHWKHU ZLWK
WKH DEXQGDQFH RI EDPERR FXOPV (Bambusa sp.)
SURYLGH D ZLGH FKRLFH RI UHVRXUFH PDWHULDOV IRU
JUD]HUV DQG EURZVHUV -R\  1DLU  ::)
 7HPSHUDWXUH YDULHV DQQXDOO\ EHWZHHQ
±& 5HODWLYH KXPLGLW\ LV LQ WKH UDQJH RI
± 5DLQIDOO DYHUDJHV EHWZHHQ  DQG
 PP SHU \HDU DQG RFFXUV PRVWO\ LQ WKH ZHW
PRQWKV RI -XQH WR 1RYHPEHU -XQH -XO\ DQG
$XJXVW KDYH WKH PRVW UDLQ .6(% UDLQIDOO GDWD
± 2FFDVLRQDO VXPPHU VKRZHUV RFFXU
LQ $SULO DQG 0D\ 7RSRJUDSKLF YDULDWLRQ LV
PRGHUDWH ZLWK KLOOV ULVLQJ JHQWO\ IURP WKH ORZHU
ULYHUYDOOH\VDQGVORSHVUHDFKLQJ±
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$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%
GXQJLQWKHPRLVWIRUHVWVRIVRXWK:HVWHUQ*KDWVLQ:D\DQDGUHJLRQ
Methodology
7KH VWXG\ ZDV FRQGXFWHG DIWHU WKH UDLQ\ VHDVRQ
EHWZHHQ 1RYHPEHU   WR )HEUXDU\  
'XQJ EHHWOHV ZHUH FROOHFWHG XVLQJ
&HER6XVSHQGLGR5HMLOOD SLW IDOO WUDSV /RER HW DO
 9HLJD HW DO  (UURXLVVL HW DO 
(DFK WUDS FRQVLVWHG RI D SODVWLF EDVLQ  PP LQ
GLDPHWHU DQG  PP LQ GHSWK EXULHG WR LWV ULP
LQ VRLO DQG FRQWDLQLQJ D ZDWHUIRUPDOLQOLTXLG
VRDS PL[WXUH 2QH OLWUH RI IUHVK GXQJ ZDV SODFHG
RQ D VWULS RI ZLUH JULG  FP [  FP DW WKH WRS
RI WKH EDVLQ (DFK WUDS ZDV WRSSHG ZLWK D GDUN
SODVWLF SODWH VXSSRUWHG RQ LURQ EDUV WR SUHYHQW
GHVLFFDWLRQ DQG LQXQGDWLRQ GXULQJ SHULRGV RI UDLQ
$ VHW RI IRXU UHSOLFDWH WUDSV ZLWK HDFK UHSOLFDWH DW
HDFK FRUQHU RI D  P SORW ZDV SODFHG LQ WKH
VWXG\ VLWH 7KH WUDSV ZHUH FROOHFWHG DIWHU RQH ZHHN
RI H[SRVXUH DQG VDPSOLQJ ZDV UHSHDWHG  WLPHV
 WUDSV [  VDPSOHV (DUOLHU VWXGLHV RQ WKH
VXFFHVVLRQ SDWWHUQ RI GXQJ EHHWOHV VKRZHG WKDW
GXQJ SDWV WKDW ZHUH ± GD\V ROGHU DWWUDFWHG D
VXEVHW RI VSHFLHV WKDW ZHUH QRW DWWUDFWHG WR IUHVK
GXQJ 6DEX HW DO  SHUVRQDO ILHOG
REVHUYDWLRQ DQG WKH JDXU DQG HOHSKDQW GXQJ SDWV
LQ WKH KXPLG VWXG\ UHJLRQ UHPDLQHG PRLVW DQG
ZHW IRU ± GD\V +HQFH VDPSOH UHWULHYDO DQG EDLW
UHSODFHPHQW ZDV GRQH DW ZHHNO\ LQWHUYDOV %HHWOHV
ZHUH LGHQWLILHG WR VSHFLHV OHYHO XVLQJ $UURZ 
DQG %DOWKDVDU  D E ,GHQWLILFDWLRQ RI
VSHFLPHQV ZDV GRQH E\ WKH DXWKRUV DQG
FRQILUPHG ZLWK WKH DVVLVWDQFH RI VSHFLDOLVWV VHH
DFNQRZOHGJHPHQWV %HHWOHV PHDVXULQJ  PP
ZHUH FRQVLGHUHG DV ODUJH &DPEHIRUW 
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 1$EXQGDQFHDQGJXLOGVWUXFWXUHRIGXQJEHHWOHVDWWUDFWHGWRJDXUGXQJLQWKHPRLVWIRUHVWVRI:D\DQDGLQ
:HVWHUQ*KDWV
Sl No. Species Nesting guild Mean body length (mm) Size Abundance
 Ochicanthon laetum %RXFRPRQW 5  6 
 Sisyphus neglectus *RU\ 5  6 
 Drepanocerus setosus $UURZ '  6 
 Liatongus indicus $UURZ
 '  6 
 Oniticellus cinctus )DEULFLXV '  6 
 Caccobius gallinus $UURZ
 7  6 
 Caccobius meridionalis %RXFRPRQW 7  6 
 Caccobius unicornis )DEULFLXV 7  6 
 Catharsius sagax 4XHQVWHGW 7  / 
 Copris davisoni :DWHUKRXVH 7  / 
 Copris repertus :DONHU 7  / 
 Onitis subopacus $UURZ 7  / 
 Onitis virens /DQVEHUJH 7  / 
 Onthophagus rectecornutus /DQVEHUJH 7  6 
 Onthophagus bronzeus $UURZ 7  / 
 Onthophagus bifasciatus )DEULFLXV 7  6 
 Onthophagus centricornis )DEULFLXV 7  6 
 Onthophagus lemniscatus *LOOHW
 7  6 
 Onthophagus quadridentatus )DEULFLXV 7  6 
 Onthophagus andrewesi $UURZ
 7  6 
 Onthophagus cervus )DEULFLXV 7  6 
 Onthophagus turbatus :DONHU 7  6 
 Onthophagus negligens :DONHU 7  6 
 Onthophagus brutus $UURZ 7  6 
 Onthophagus madoqua $UURZ 
 7  6 
 Onthophagus laevis +DUROG 7  6 
 Onthophagus favrei %RXFRPRQW 7  6 
 Onthophagus devagiriensis 6FKRROPHHVWHUV	6DEX
 7  6 
 Onthophagus ensifer %RXFRPRQW
 7  6 
 Onthophagus castetsi /DQVEHUJH
 7  6 
 Onthophagus falsus *LOOHW 7  6 
 Onthophagus urellus %RXFRPRQW 7  6 
 Onthophagus usurpator %DOWKDVDU 7  6 
 Onthophagus elongates )UH\
 7  6 
 Onthophagus fasciatus %RXFRPRQW 7  6 
 Onthophagus vladimiri )UH\
 7  6 
 Onthophagus pacificus /DQVEHUJH 7  6 
5±UROOHUV'±GZHOOHUV7±WXQQHOHUV6±VPDOOEHHWOHVPP/±ODUJHEHHWOHVPP

 HQGHPLF
 ILUVWUHFRUGIURP:HVWHUQ*KDWV
9RXFKHU VSHFLPHQV DUH WHPSRUDULO\ GHSRVLWHG LQ
WKH LQVHFW FROOHFWLRQV RI 6W -RVHSK¶V &ROOHJH
'HYDJLUL &DOLFXW DQG ZLOO EH WUDQVIHUUHG WR WKH
QDWLRQDO LQVHFW FROOHFWLRQV RI =RRORJLFDO 6XUYH\ RI
,QGLD =6, &DOLFXW DQG ,QGLDQ $JULFXOWXUDO
5HVHDUFK,QVWLWXWH,$5,1HZ'HOKL
5DLQIDOO GDWD ZDV FROOHFWHG IURP WKH UHFRUGV RI
.HUDOD 6WDWH (OHFWULFLW\ %RDUG DW 7KLUXQHOO\
+XPLGLW\ DQG IRUHVW IORRU WHPSHUDWXUH ZHUH
DVVHVVHG ZLWK WKHUPRK\JURPHWHU 6ORSH RI WKH
WHUUDLQ ZDV FDOFXODWHG XVLQJ WKH WULJRQRPHWULF
IRUPXOD µWDQƧ¶ ZKHUH µƧ¶ LV WKH DQJOH RI
LQFOLQDWLRQ
Data analysis
7KH VSHFLHV GLYHUVLW\ RI WKH DVVHPEODJH RI GXQJ
EHHWOHV DWWUDFWHG WR JDXU GXQJ SDWV ZDV FDOFXODWHG
XVLQJ )LVKHU¶V DOSKD GLYHUVLW\ )LVKHU HW DO 
DQG 6LPSVRQ¶V GRPLQDQFH DQG HYHQQHVV
6LPSVRQ  LQGLFHV %HWD GLYHUVLW\ ZDV
DQDO\VHG ZLWK LQFLGHQFH EDVHG RQ WKH %UD\ &XUWLV
VLPLODULW\ LQGH[ %UD\ DQG &XUWLV  DV WKH
VDPSOLQJ PHWKRGRORJ\ HPSOR\HG IRU WKH
FROOHFWLRQ RI HOHSKDQW GXQJ EHHWOH DVVHPEODJH
6DEX HW DO  YDULHG 7D[RQRPLF GLYHUVLW\
ZDV DQDO\VHG XVLQJ QRQSDUDPHWULF DYHUDJH
WD[RQRPLF GLVWLQFWQHVV Ƌ DQG YDULDWLRQ LQ
WD[RQRPLF GLVWLQFWQHVV ƒ LQGLFHV &ODUNH DQG
:DUZLFN  :DUZLFN HW DO  $ UHJLRQDO
PDVWHU OLVW RI IRUHVW GXQJ EHHWOHV IURP :D\DQDG
ZDV FRPSLOHG IURP 6DEX  6DEX HW DO
 6DEX DQG 9LQRG  DQG WKH SUHVHQW
VWXG\ $ UDQGRPL]DWLRQ WHVW ZDV GRQH WR GHWHFW
GLIIHUHQFHV LQ DYHUDJH WD[RQRPLF GLVWLQFWQHVV DQG
YDULDWLRQ LQ WD[RQRPLF GLVWLQFWQHVV IRU DQ\
REVHUYHG VHW RI VSHFLHV IURP WKH µH[SHFWHG¶ Ƌ
DQG ƒ YDOXHV GHULYHG IURP UHJLRQDO PDVWHU
VSHFLHV OLVW &ODUNH DQG :DUZLFN  )LYH
WD[RQRPLF OHYHOV QDPHO\ VSHFLHV JHQXV WULEH
VXEIDPLO\ DQG IDPLO\ ZHUH FRQVLGHUHG %UDQFK
OHQJWKV EHWZHHQ WD[RQRPLF FODVVHV ZHUH GHILQHG
IROORZLQJ WKH VWDQGDUGL]DWLRQ SURSRVHG E\
:DUZLFN DQG &ODUNH  (TXDO VWHS OHQJWKV
ZHUH DVVXPHG EHWZHHQ HDFK VXFFHVVLYH WD[RQRPLF
OHYHO VHWWLQJ SDWK OHQJWK Ʒ WR  IRU WZR VSHFLHV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 3(QGHPLFGXQJEHHWOHVSHFLHV$.DQGGRPLQDQWGZHOOHUVSHFLHV/UHFRUGHGIURPJDXUGXQJEDLWHG
WUDSVIURPPRLVWIRUHVWVRI:D\DQDGUHJLRQRI:HVWHUQ*KDWV$ Liatongus indicus $UURZ% Caccobius gallinus
$UURZ& Onthophagus andrewesi $UURZ' O. brutus $UURZ( O. madoqua $UURZ) O. laevis +DUROG*
O. ensifer %RXFRPRQW+ O. castetsi /DQVEHUJH, O. elongates )UH\- O. vladimiri )UH\. O. devagiriensis
6FKRROPHHVWHUV	6DEXDQG/ Drepanoceros setosus $UURZ0DJQLILFDWLRQIRUHDFKLPDJHLVJLYHQLQSDUHQWKHVLV
FRQQHFWHG DW WKH KLJKHVW WD[RQRPLFDOO\ FORVHVW
SRVVLEOH OHYHO 6R WKH ZHLJKWV XVHG ZHUH Ʒ   
VSHFLHV LQ WKH VDPH JHQXV Ʒ   VDPH WULEH
EXW GLIIHUHQW JHQXV Ʒ   VDPH VXEIDPLO\ EXW
GLIIHUHQW WULEH DQG Ʒ   VDPH IDPLO\ EXW
GLIIHUHQWVXEIDPLO\
6LPSVRQ¶V GLYHUVLW\ LQGH[ ZDV FDOFXODWHG ZLWK
(VWLPDWH6  SURJUDP &ROZHOO  $OO RWKHU
GLYHUVLW\ DQDO\VLV ZDV GRQH ZLWK 3ULPHU 
VRIWZDUH YHUVLRQ  9DULDQFHV RI TXDOLWDWLYH
WD[RQRPLF GLYHUVLW\ LQGLFHV YDOXHV Ƌ DQG Ƌ
ZLWK UHVSHFW WR WKH PDVWHU OLVW YDOXHV ZHUH
HVWLPDWHG E\ GUDZLQJ  FRQILGHQFH IXQQHOV
XVLQJ 3ULPHU SDFNDJH &ODUNH DQG *RUOH\ 
9DULDWLRQV LQ DEXQGDQFHV DPRQJ VDPSOHV ZHUH
DQDO\VHG ZLWK RQHZD\ $129$ WHVW =DU 
0HJDVWDW YHUVLRQ  2UULV  ZDV XVHG IRU
DOOVWDWLVWLFDODQDO\VLV
Results
$V VKRZQ LQ )LJXUH   VSHFLHV RI GXQJ EHHWOHV
UHSUHVHQWLQJ  JHQHUD DQG VL[ WULEHV ZHUH
UHFRUGHG 7KH DVVHPEODJH FRQVLVWHG RI 
HQGHPLFV Liatongus indicus, Caccobius gallinus,
Onthophagus lemniscatus, O. andrewesi, O.
madoqua, O. devagiriensis, O. ensifer, O.
castetsi, O. elongates DQG O. vladimiri DQG WZR
ILUVW UHSRUWV IURP WKH :HVWHUQ *KDWV
Onthophagus laevis DQG O. brutus 7DEOH 
)LJXUH  %HHWOHV EHORQJLQJ WR DOO WKUHH PDMRU
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 22YHUDOOVSHFLHVULFKQHVVJXLOGZLVHDEXQGDQFHDQGULFKQHVVJXLOGVWUXFWXUHDQGDEXQGDQFHRI
GRPLQDQWVSHFLHVRIGXQJEHHWOHVLQPRLVWIRUHVWV
Species richness (% in parenthesis ) Abundance** Dominant species
Locality Total Roller Dweller/others*TunnelerRollerDweller/others*Tunneler Species GuildAbundance** Total
abundance**
Onthophagus
andrewesi
7 
6RXWK
,QGLD        
Drepanocerus
setosus
' 
  6RXWK
,QGLD        
 
 
0DOD\VLD        
 
Sisyphus
thoracicus
5 
0DOD\VLD        
Onthophagus
cervicapra
7 
Oniticellus
pseudoplanatus
' 
,YRU\FRDVW        
Caccobius
elephantinus
7 
Onthophagus
fuscidorsis
7 
0DNRNX        
Sisyphus arboreus 5  
Temnoplectron
aeneopiccum
5 
$XVWUDOLD        
Coctodactyla
depressa
7 
Dichotomius
lucasi
7 
%ROLYLD        
Deltochilum
amazonicum
5 
Uroxys pygmaeus 7 
%UDVLO        
Ateuchus VS 7 
Ateuchus VS 7 
&ROXPELD        
A. muriayi 7  
Eurysternus VS 
  &ROXPELD
        
Onthophagus VS 7 
Ateuchus simplex 7 
*X\DQD        
Hansreia affinis 5 
Canthon
femoralis
5 
0H[LFR        
Onthophagus
batesi
7 
Canthon
aequinoctilalis
5 
3DQDPD         
Canthidium
aurifex
7 
 
3HUX        
 
 3UHVHQWVWXG\  &RPELQHGGDWDIURPSUHVHQWVWXG\DQG6DEXHWDO  'DYLVD  'DYLVHWDO 
&DPEHIRUWDQG:DOWHU  +RZGHQHWDO  6SHFWRU  $QGUHVHQ  (VFREDU  +RZGHQ
DQG1HDOLV  )HHU  (VWUDGDHWDO  *LOO  9DOHQFLD

 2WKHUV± Eurysternus VSHFLHVFDWHJRULVHGDVLQWHUPHGLDWHEHWZHHQGZHOOHUVDQGWXQQHOHUV


 DEXQGDQFHGDWDLQSHUFHQWDJHV
7WXQQHOHU'GZHOOHU5UROOHU
IXQFWLRQDO JXLOGV ZHUH SUHVHQW Onthophagus
andrewesi D WXQQHOHU  DQG Drepanocerus
setosus D GZHOOHU  GRPLQDWHG WKH
DVVHPEODJH 7DEOH  7XQQHOHUV ZHUH WKH PRVW
VSHFLRVH  VSHFLHV   DQG DEXQGDQW 
 IXQFWLRQDO JXLOG 5ROOHUV ZHUH UHSUHVHQWHG E\
WZR VSHFLHV Ochicanthon laetum DQG Sisyphus
neglectes, DQG ZDV WKH OHDVW DEXQGDQW IXQFWLRQDO
JURXS   RI WRWDO DEXQGDQFH 7DEOH 
6PDOOHU EHHWOHV GRPLQDWHG WKH DVVHPEODJH LQ
WHUPV RI VSHFLHV ULFKQHVV  DQG DEXQGDQFH
 7KH DVVHPEODJH ZDV PRGHUDWHO\
GLYHUVH Ơ    DQG KLJKO\ HYHQ ƪ  
9DULDWLRQ LQ DEXQGDQFH DPRQJ VDPSOHV ZDV QRW
VLJQLILFDQW GI    I    P     VSHFLHV
EHORQJLQJ WR  JHQHUD VL[ WULEHV DQG WKUHH
QHVWLQJ JXLOGV ZHUH FROOHFWHG IURP HOHSKDQW GXQJ
)LJXUH % %UD\ &XUWLV VLPLODULW\ LQGH[
LOOXVWUDWHG PRGHUDWH VLPLODULW\  EHWZHHQ
JDXU DQG HOHSKDQW GXQJ EHHWOH DVVHPEODJHV
7D[RQRPLF GLYHUVLW\ DQG HYHQQHVV RI JDXU GXQJ
EHHWOH DVVHPEODJH Ƌ    ƒ    ZHUH
ORZHU LQ FRPSDULVRQ WR HOHSKDQW GXQJ EHHWOH
DVVHPEODJH Ƌ    ƒ    9DOXHV RI
ERWK WD[RQRPLF GLYHUVLW\ LQGLFHV IHOO ZLWKLQ WKH
 OLPLWV RI WKH SUREDELOLW\ IXQQHO LQGLFDWLQJ
WKDW WD[RQRPLF GLYHUVLW\ RI ERWK WKH DVVHPEODJHV
GLG QRW YDU\ VLJQLILFDQWO\ IURP WKH UHJLRQDO
VSHFLHVSRRO
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Discussion
$ WD[RQRPLF GLYHUVLW\ LQGH[ LV D PHDVXUH RI
ELRGLYHUVLW\ WKDW LQGLFDWHV KRZ GLIIHUHQW WKH
VSHFLHV LQ D KDELWDW DUH IURP HDFK RWKHU +DUSHU
DQG +DZNVZRUWK  7KH WD[RQRPLF
UHODWHGQHVV GLYHUVLW\ LQGLFHV KDYH DSSHDOLQJ
VDPSOLQJ SURSHUWLHV QRQGHSHQGHQFH RQ
TXDQWLWDWLYH GDWD DQG FRQVLGHUDWLRQ RI WKH
UHODWHGQHVV RI VSHFLHV LQ DQ DVVHPEODJH WKDW DUH RI
JUHDW SUDFWLFDO XWLOLW\ LQ GLYHUVLW\ DQDO\VLV DQG DUH
FRQVLGHUHG DV EHLQJ PRVW SURPLVLQJ IRU
ELRGLYHUVLW\ DVVHVVPHQWV :DUZLFN DQG &ODUNH
 3ULFH  :DUZLFN HW DO  0DJXUUDQ
 $OO GXQJ EHHWOH GLYHUVLW\ DVVHVVPHQWV KDYH
EHHQ GRQH VR IDU ZLWK WKH FRQYHQWLRQDO VSHFLHV
ULFKQHVV DQG HYHQQHVVEDVHG GLYHUVLW\ LQGLFHV
+RZHYHU VXFK RYHU UHOLDQFH RQ SDWWHUQV RI GXQJ
EHHWOH ULFKQHVV DORQH FDQ EH VHULRXVO\ PLVOHDGLQJ
DQG FRPPXQLW\ OHYHO GDWD DUH LPSRUWDQW LQ GXQJ
EHHWOH VWXGLHV 6SHFWRU  +HQFH WD[RQRPLF
UHODWHGQHVV EDVHG GLYHUVLW\ SURSHUWLHV RI GXQJ
EHHWOHV DWWUDFWHG WR GXQJ RI JDXU DQG HOHSKDQW
ZHUH DOVR XVHG 8QIRUWXQDWHO\ WKH ,QG9DO
PHWKRGV RI 'XIUHQH DQG /HJHQGUH  XVHIXO LQ
GHWHFWLQJ LQGLFDWRU VSHFLHV FKDUDFWHUL]LQJ KDELWDW
W\SHV DQG JURXSV RI VDPSOHV FRXOG QRW EH XVHG DV
WKHUHTXLVLWHGDWDZHUHQRWDYDLODEOH
7KH ILUVW UHSRUW RI WKH FRPPXQLW\ VWUXFWXUH DQG
GLYHUVLW\ RI GXQJ EHHWOHV LQ D PRLVW IRUHVW ORFDOLW\
LQ :HVWHUQ *KDWV DQG 6RXWK $VLDQ UHJLRQ LV
SURYLGHG 0RVW FRQVSLFXRXV LV WKH GLIIHUHQFH
REVHUYHG LQ WKH JXLOG VWUXFWXUH RI WKH FRPPXQLW\
ZKHQ FRPSDUHG WR GXQJ EHHWOH DVVHPEODJHV IURP
RWKHU PRLVW IRUHVWV RI WKH $IURWURSLFDO UHJLRQ
'ZHOOHUV DUH WKH GRPLQDQW IXQFWLRQDO JXLOG DIWHU
WXQQHOHUV DQG UROOHUV DUH ORZHU LQ ULFKQHVV DQG
DEXQGDQFH 6XFK KLJK DEXQGDQFH RI GZHOOHUV LV
UHSRUWHG SUHYLRXVO\ RQO\ IURP WKH PRLVW IRUHVWV RI
,YRU\&RDVWLQ$IULFD
&RPELQLQJ WKH  VSHFLHV UHFRUGHG IURP WKH
SUHVHQW VWXG\ DORQJ ZLWK  VSHFLHV UHSRUWHG
H[FOXVLYHO\ IURP HOHSKDQW GXQJ 6DEX HW DO 
OHDGV WR DQ RYHUDOO ULFKQHVV RI  VSHFLHV LQ WKH
UHJLRQ 6SHFLHV ULFKQHVV LV FRPSDUDWLYHO\ ORZHU
FRPSDUHG WR WKH  VSHFLHV UHSRUWHG IURP
0DOD\VLD 'DYLV D DQG 3HUX 9DOHQFLD
  IURP )UHQFK *X\DQD )HHU  DQG
 VSHFLHV IURP $IULFDQ UDLQ IRUHVWV &DPEHIRUW
DQG :DOWHU  +RZHYHU UDLQ IRUHVWV RI 0H[LFR
(VWUDGD DQG &RDWHV(VWUDGD  &RORPELD
(VFREDU  DQG $XVWUDOLD +RZGHQ HW DO
 KDYH RQ DYHUDJH ORZHU ORFDO ULFKQHVV RI
GXQJ EHHWOHV 7KRXJK RXU VDPSOLQJ LV OLPLWHG WR D
UHODWLYHO\ VKRUW SHULRG RI WZR PRQWKV QR
DGGLWLRQDO VSHFLHV ZHUH DGGHG IURP RXU WZR \HDU
VWXG\ ZLWK ELPRQWKO\ UDQGRP VDPSOLQJ IURP WKH
VDPH UHJLRQ ZLWK PRUH VDPSOLQJ HIIRUW 6DEX
 +HQFH ZH FRQVLGHU WKDW SUHVHQW VWXG\ GLG
VXFFHVVIXOO\ VDPSOH PRVW LI QRW DOO VSHFLHV RI
GXQJ EHHWOHV WKDW FRXOG EH WUDSSHG ZLWK EDLWHG
SLWIDOO WUDSV IURP WKH UHJLRQ 7ZR ILUVW UHSRUWV
Onthophagus laevis DQG O. brutusI U R P
:HVWHUQ *KDWV DQG KLJK DEXQGDQFH RI HQGHPLFV
  LQGLFDWH WKDW IXUWKHU FKDUDFWHUL]DWLRQ RI
WKH GXQJ EHHWOH IDXQDO GLYHUVLW\ RI RWKHU IRUHVWV RI
:HVWHUQ *KDWV GRZQ WR PRUH ORFDO VFDOHV PD\
UHYHDO PRUH GHWDLOV RI WKH UHJLRQDO YDULDWLRQ LQ
HQGHPLVPDQGORFDOLVHGGLVWULEXWLRQSDWWHUQV
&RPSDUDWLYHO\ KLJK DEXQGDQFH RI ROG ZRUOG UROOHU
O. laetum, ZKRVH RYHUDOO DEXQGDQFH LV YHU\ ORZ LQ
VRXWK HDVW $VLDQ IRUHVWV 'DYLV HW DO  DQG
GRPLQDQFH RI D. setosus DQG WKH HQGHPLF VSHFLHV
L. indicus DUH PRVW OLNHO\ D UHJLRQDO
SKHQRPHQRQ D. setosus DQG L. indicus DUH
SURPLQHQW GZHOOHUV LQ ERWK IUHVK DQG ROG GXQJ
SDWV RI HOHSKDQW DQG JDXU LQ WKH UHJLRQ
XQSXEOLVKHG REVHUYDWLRQV 'RPLQDQFH E\ D IHZ
WXQQHOHU UROOHU RU JXLOG XQVSHFLILHG VSHFLHV
SHUVRQDO FRPPXQLFDWLRQV )HUQDQGR
9D]GH0HOOR LQ WKH UDQJH RI   WR  RU
WXQQHOHU VSHFLHV DORQH LQ WKH UDQJH RI  
 LV D JHQHUDO SDWWHUQ RI WURSLFDO PRLVW IRUHVW
GXQJ EHHWOH FRPPXQLWLHV 0RLVW IRUHVWV RI WKH
,YRU\ &RDVW &DPEHIRUW DQG :DOWHU  DQG
:D\DQDG DUH WKH RQO\ H[FHSWLRQV ZKHUH WKH
GRPLQDQW VSHFLHV DUH GLVWULEXWHG EHWZHHQ
WXQQHOHU DQG GZHOOHU JXLOGV O  WR  DQG
UROOHUVDUHWKHOHDVWDEXQGDQWJXLOG
6XEVWDQWLDOO\ KLJK DEXQGDQFH RI D. setosus, DQG L.
indicus OHDGV WR WKH GRPLQDFH RI GZHOOHUV
2QLWLFHOOLQL $ VLPLODU VLWXDWLRQ H[LVWV LQ WKH
PRLVW IRUHVWV RI ,YRU\ &RDVW LQ :HVWHUQ $IULFD
ZLWK WKH DEXQGDQFH RI Oniticellus pseudoplanatus
2QLWLFHOOLQL DQG LV DWWULEXWHG WR WKH DYDLODELOLW\
RI XQGLVWXUEHG HOHSKDQW GXQJ SDWV LQ WKH UHJLRQ
&DPEHIRUW DQG :DOWHU  'ZHOOHUV DUH
VWURQJO\ DVVRFLDWHG ZLWK ODUJHU KHUELYRUH GXQJ
SDWV DQG EUHHG VXFFHVVIXOO\ RQO\ LQ XQGLVWXUEHG
GXQJ SDWV ZLWK OLWWOH FRPSHWLWLRQ IURP
FRPSHWLWLYHO\ VXSHULRU WXQQHOHUV DQG UROOHUV
&DPEHIRUW  +DQVNL DQG .ULNNHQ  .UHOO
HW DO  $SSDUHQWO\ D VLPLODU VLWXDWLRQ
SUHYDLOV LQ WKH QRUWK :D\DQDG UHJLRQ ZLWK WKH
SUHVHQFH RI ODUJH DPRXQWV RI XQGLVWXUEHG GXQJ
SDWV RI HOHSKDQW DQG JDXU XQSXEOLVKHG
REVHUYDWLRQV SUREDEO\ LQ H[FHVV RI FRQVXPSWLRQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH E\ GXQJ EHHWOHV LQ WKHVH IRUHVWV 7KH PRLVW IRUHVWV
RI WKH QRUWK :D\DQDG UHJLRQ PHUJH JHQWO\ ZLWK
WKH GULHU IRUHVWV RQ WKH HDVWHUQ VORSH DQG DUH D
VXPPHU UHIXJH IRU KHUGV RI HOHSKDQWV DQG JDXUV
-R\  1DLU  +HQFH ZH DWWULEXWH WKH KLJK
GZHOOHU DEXQGDQFH LQ WKH UHJLRQ WR WKH DEXQGDQFH
DQG VHDVRQDO PRYHPHQW RI ODUJH KHUELYRURXV
PDPPDOV DQG UHDG\ DYDLODELOLW\ RI ODUJH GXQJ
SDWV
$OWKRXJK GZHOOHUV DUH GRPLQDQW RYHU UROOHUV LQ
PRLVW IRUHVWV RI ODUJH KHUELYRUH ULFK ,YRU\ &RDVW
DQG :D\DQDG UHJLRQ -R\  1DLU  .UHOO HW
DO  ZH DUH XQDZDUH RI KRZ PXFK WKH
PDVVLYH VODXJKWHULQJ RI $IULFDQ HOHSKDQWV ZKLFK
SHDNHG GXULQJ ± 6XNXPDU  LQ
,YRU\ &RDVW PLJKW KDYH DIIHFWHG WKH DYDLODELOLW\ RI
HOHSKDQW GXQJ DQG GXQJ EHHWOH JXLOG VWUXFWXUH LQ
WKH UHJLRQ &ROXPELDQ UDLQIRUHVWV GHVFULEHG
HDUOLHU ZLWK KLJK GZHOOHU DEXQGDQFH +RZGHQ DQG
1HDOLV  VKRZHG DQ HQWLUHO\ GLIIHUHQW JXLOG
VWUXFWXUH LQ PRUH UHFHQW UHSRUWV ZLWK ORZ
SUHVHQFH RI GZHOOHUV (VFREDU  ZKLFK LV
SUREDEO\ UHODWHG WR WKH H[WHQVLYH GHIRUHVWDWLRQ RI
$PD]RQLDQ IRUHVWV $QGHUVRQ  6NROH DQG
7XFNHU
7KH ORZ DEXQGDQFH RI UROOHUV LV LQ FRQWUDVW WR WKHLU
KLJK DEXQGDQFH DQG ULFKQHVV LQ 6RXWK (DVW $VLDQ
IRUHVWV RI %RUQHR 'DYLV HW DO  $QDO\VLV RI
GLYHUVLW\ RI IRUHVW IORRU DUWKURSRGV LQFOXGLQJ GXQJ
EHHWOHV DORQJ WKH DOWLWXGHV RI :D\DQDG IRUHVWV
UHYHDOHG D JHQHUDO ORZ LQFLGHQFH RI UROOHUV DQG
DEVHQFH RI ODUJH UROOHUV DERYH PLG HOHYDWLRQV
P DPVO ZKHUHDV ERWK VPDOO Sisyphus DQG
Ochicanthon DQG ODUJH UROOHUV Gymnopleurus
DUH DEXQGDQW LQ WKH PLGGOH DQG ORZ HOHYDWLRQ
 P DPVO PRLVW IRUHVWV 6DEX  6DEX
HW DO  7KLV LQGLFDWHV WKDW ORZ SUHVHQFH RI
UROOHUV LV D UHJLRQDO SDWWHUQ DQG LV QRW D VDPSOLQJ
HUURU DULVLQJ IURP WKH PRUH VHDVRQDO VWXG\ DV LQ
WKH SUHVHQW FDVH 'HOD\ LQ GU\LQJ GXQJ SDWV LQ
VKDG\ FRRO IRUHVWV PDNHV GXQJ EDOO PDNLQJ DQG
UROOLQJ DQ HQHUJHWLFDOO\ FRVWO\ DFWLYLW\ IRU
WKHUPRSKLOLF UROOHUV DQG PDNHV WKHP
FRPSHWLWLYHO\ LQIHULRU WR RWKHU JXLOGV .UHOO HW DO
 +HQFH WKH ORZ IRUHVW IORRU WHPSHUDWXUH
DQG KLJK KXPLGLW\ LQ WKHVH VKDG\ KLJK KXPLG
IRUHVWV ZKLFK NHHSV HOHSKDQW ± GD\V DQG JDXU
GXQJ SDWV ± GD\V PRLVW DQG ZHW IRU D ORQJHU
SHULRG DV ZDV IRXQG GXULQJ VXFFHVVLRQ VWXGLHV
ZLWK HOHSKDQW GXQJ 6DEX HW DO  DQG DV
REVHUYHG LQ ILHOG FRQGLWLRQV XQSXEOLVKHG
REVHUYDWLRQV DUH OLNHO\ WR EH WKH PDMRU UHDVRQ IRU
WKH ORZHU DEXQGDQFH DQG ULFKQHVV RI UROOHUV LQ WKH
UHJLRQ
$OWKRXJK YDULDWLRQV LQ VDPSOLQJ HIIRUW UHVWULFWV
RXU DELOLW\ WR LQWHUSUHW WKH GDWD FRPSDULVRQ RI WKH
DVVHPEODJHV VXJJHVWV WKDW JDXU GXQJ DWWUDFWV D
PRUH KLJKO\ VSHFLRVH GXQJ EHHWOH DVVHPEODJH WKDQ
HOHSKDQW GXQJ 7KH GRPLQDQFH RI VPDOO VL]HG
GXQJ EHHWOHV LQ ERWK HOHSKDQW 6DEX HW DO 
DQG JDXU GXQJ EDLWHG WUDSV DQG GXQJ SDWV
XQSXEOLVKHG REVHUYDWLRQV LQGLFDWH WKDW
DYDLODELOLW\ RI ODUJH YROXPLQRXV GXQJ SDWV GR QRW
OHDG WR DQ DEXQGDQFH RI ODUJH GXQJ EHHWOHV LQ WKH
VWXG\ UHJLRQ 'XQJ RI WKH QRQUXPLQDWLQJ
HOHSKDQW LV PRUH ILEURXV DQG FRDUVH WKDQ JDXU
GXQJ EXW WKH\ DUH VLPLODU LQ WKH VHQVH WKDW WKH\
DUH ERWK KHUELYRUH LQ RULJLQ PRLVW DQG
QRQSHOOHWHG %RWHV HW DO  'RXEH 
0RGHUDWH VLPLODULW\ YDOXHV LQGLFDWH WKDW EHHWOH
DVVHPEODJHV DWWUDFWHG WR HLWKHU HOHSKDQW RU JDXU
GXQJ GR QRW FRQVWLWXWH HQWLUHO\ GLVVLPLODU
FRPPXQLWLHV EXW UDWKHU RQH FRPPXQLW\ ZLWK
PRUH JHQHUDOLVWV WKDW FDQ XVH ERWK GXQJ W\SHV DQG
D IHZ VSHFLDOLVWV DV ZHOO 7KH SUHVHQFH RI  VSHFLHV
H[FOXVLYHO\ LQ HOHSKDQW GXQJ EDLWHG WUDSV DORQJ
ZLWK WKH FDWHJRUL]DWLRQ RI GXQJ EHHWOHV LQWR FRDUVH
DQG ILQH GXQJ IHHGHUV 'DYLV  +ROWHU HW DO
 VXJJHVW WKDW WKH\ DUH HOHSKDQW GXQJ
VSHFLDOLVWV $EVHQFH RI  GXQJ EHHWOH VSHFLHV
DWWUDFWHG WR JDXU GXQJ LQ HOHSKDQW GXQJ EDLWHG
WUDSV PD\ EH UHODWHG WR WKH IOXLG GXQJ SUHIHUHQFH
RI WKHVH VSHFLHV +RZHYHU YDULDWLRQV LQ WKH
VDPSOLQJ PHWKRGRORJ\ QHFHVVLWDWH PRUH HPSLULFDO
VWXGLHVWRUHDFKFRQFOXVLRQV
$OWKRXJK VSHFLHV ULFKQHVV ZDV KLJKHU LQ WKH GXQJ
EHHWOH DVVHPEODJHV DWWUDFWHG WR JDXU GXQJ SDWV
KLJK ƒ ORZ WD[RQRPLF HYHQHVV YDOXHV LQGLFDWH
WKH SUHVHQFH RI D SK\ORJHQHWLFDOO\ FORVHO\ UHODWHG
GXQJ EHHWOH DVVHPEODJH $QDO\VLV RI WD[RQRPLF
HYHQQHVV E\ WUXQFDWLQJ WKH WUHH DW YDULRXV SODFHV
DQG E\ UHPRYLQJ WKH VSHFLRVH JHQHUD VKRZHG WKDW
ERWK WD[RQRPLF HYHQQHVV DQG GLYHUVLW\ RI JDXU
GXQJ EHHWOH DVVHPEODJH HTXDOHG WKDW RI HOHSKDQW
ZKHQ VSHFLHV GLVWULEXWLRQ XQGHU WKH JHQHUD
Onthophagus DQG Caccobius ZHUH PDGH HYHQ LQ
ERWK DVVHPEODJHV +LJK XQHYHQQHVV LQ WD[RQRPLF
VWUXFWXUH RI WKH JDXU GXQJ EHHWOH DVVHPEODJH
DULVHV IURP WKH RYHUUHSUHVHWDWLRQ RI Onthophagus
DQG Caccobius VSHFLHV 7KH SUHVHQFH RI  VSHFLHV
RI Onthophagus DQG  VSHFLHV RI Caccobius LQ
JDXU GXQJ  RI WKH VSHFLHV DWWUDFWHG WR JDXU
GXQJ IURP JHQXV Onthophagus DQG  IURP
JHQXV Onthophagus DQG Caccobius FRPSDUHG WR
WKH SUHVHQFH RI  Onthophagus VSHFLHV 
DQG WKH DEVHQFH RI Caccobius LQ HOHSKDQW GXQJ
UHGXFHG WKH WD[RQRPLF HYHQQHVV RI JDXU GXQJ
EHHWOH DVVHPEODJH 7KLV YDULDWLRQ LV GLVWLQFWO\
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 43K\VLFDOVWUXFWXUHRIJDXUDQGHOHSKDQWGXQJIURPPRLVWIRUHVWVRIVRXWK:HVWHUQ*KDWVLQ:D\DQDG
UHJLRQD)LQHIOXLGGXQJRIJDXUDQGE&RDUVHILEURXVGXQJRIHOHSKDQW
VKRZQ E\ ƒ DV WKH YDULDWLRQ LQ WD[RQRPLF
GLVWLQFWQHVV LQGH[ LV VHQVLWLYH WR YDULDWLRQV LQ
WD[RQRPLF HYHQQHVV RI WKH DVVHPEODJH DQG WKH
SUHVHQFH RI VSHFLRVH JHQHUD UHGXFHV WKH
WD[RQRPLF HYHQQHVV RI WKH DVVHPEODJH ZKLFK LV
UHIOHFWHGDVKLJKHUƒ YDOXHV
KH RYHUUHSUHVHQWDWLRQ RI FORVHO\ UHODWHG VSHFLHV
DQG WKH UHVXOWLQJ KLJK XQHYHQHVV RI WKH WD[RQRPLF
VWUXWXUH RI GXQJ EHHWOHV DWWUDFWHG WR JDXU GXQJ LQ
FRPSDULVRQ WR HOHSDKQW GXQJ ZH UHODWH WR WKH
FRDUVH DQG ILQH GXQJ SUHIHUHQFHV RI GXQJ EHHWOHV
'DYLV  +ROWHU HW DO  DQG WR YDULDWLRQ
LQ WKH SK\VLFDO SURSHULWHV RI WKH WZR GXQJ W\SHV
)LJXUH  )RU DOO JURXSV RI RUJDQLVPV VSHFLILF
WD[D DWWDLQ WKHLU KLJKHVW GLYHUVLW\ LQ SDUWLFXODU
KDELWDWV DQG ZKHQ FHUWDLQ KDELWDW W\SHV DUH
DEVHQW IURP DQ DUHD VRPH JURXSV RI VSHFLHV
EHFRPH XQGHUUHSUHVHQWHG ZKLOH RWKHUV EHFRPH
RYHUUHSUHVHQWHG FRPSDUHG WR WKH UHJLRQDO SLFWXUH
:DUZLFN DQG &ODUNH  UHVXOWLQJ LQ D PRUH
XQHYHQ GLVWULEXWLRQ DFURVV WKH SK\ORJHQHWLF WUHH
'XQJ SDWV DUH SDWFKLO\ GLVWULEXWHG DQG
HSKHUPHUDO PLQRU KDELWDWV IRU GXQJ EHHWOHV
(OWRQ  +DQVNL  7KRXJK PDQ\ GXQJ
EHHWOHV DUH JHQHUDOLVWV DQG GR QRW VKRZ DQ\ GXQJ
SUHIHUHQFHV VRPH SUHIHUDEO\ VHOHFW FRDUVH ILEUHG
GXQJ RI QRQUXPLQDQWV ZKLOH RWKHUV SUHIHU WKH
PRUH IOXLG DQG ILQH GXQJ RI UXPLQDQWV DQG VRPH
RWKHUV WKH RGRULIHURXV GXQJ RI RPQLYRUHV 'DYLV
  +ROWHU HW DO  .UHOO HW DO 
+HQFH WZR VWUXFWXUDOO\ GLIIHUHQW DQG FRQWUDVWLQJ
GXQJ W\SHV LH WZR PLQRU KDELWDWV WKH
KRPRJHQRXV ILQH IOXLG\ GXQJ RI WKH UXPLQDQW
JDXU DQG WKH KHWUHRJHQRXV GXQJ RI WKH HOHSKDQW
ZLWK ERWK ILEURXV DQG ILQH GXQJ SDUWLFOHV DUH
UHDGLO\ DYDLODEOH IRU WKH GXQJ EHHWOH FRPPXQLW\ LQ
WKH VWXG\ UHJLRQ +RPRJHQRXV ILQH JDXU GXQJ
SDWV DWWUDFW VSHFLHV ZLWK VLPLODU ILQH GXQJ
UHVRXUFH UHTXLUHPHQWV DQG KHQFH PRUH FORVHO\
UHODWHG VSHFLHV EHORQJLQJ WR VSHFLILF JHQHUD RU
WULEHV :KHUHDV KHWHURJHQHRXV HOHSKDQW GXQJ
DWWUDFWV ERWK FRDUVH DQG ILQH GXQJ IHHGHUV DQG
JHQHUDOLVWV IURP GLIIHUHQW WULEHV DQG JHQHUD LH
OHVV UHODWHG VSHFLHV OHDGLQJ WR WKH KLJKHU
WD[RQRPLF HYHQQHVV WKDW LV GLVWLQFW LQ WKH
GHQGURJUDP 7KH DYHUDJH WD[RQRPLF GLVWLQFWQHVV
Ƌ RI WKH DVVHPEODJHV VKRZHG OHVVHU YDULDWLRQV
WKDQ ƒD VƋ FRQVLGHUV RQO\ WKH UHODWHGQHVV
EHWZHHQ LQGLYLGXDO PHPEHU VSHFLHV LQYROYHG DQG
QRW WKH WD[RQRPLF HYHQQHVV SURSHUWLHV RI WKH
DVVHPEODJH
,Q VXPPDU\ WKH SUHVHQW VWXG\ SURYLGHV IRU WKH
ILUVW WLPH GDWD DERXW FRPPXQLW\ VWUXFWXUH RI GXQJ
EHHWOHV IURP PRLVW IRUHVWV RI :HVWHUQ *KDWV DV
ZHOO IURP D 6RXWK $VLDQ UHJLRQ 7KRXJK ZLWK ORZ
VSHFLHV ULFKQHVV HOHSKDQW GXQJ DWWUDFWV D PRUH
WD[RQRPLFDOO\ GLYHUVH DQG HYHQ GXQJ EHHWOH
DVVHPEODJH WKDQ JDXU GXQJ WKDW LV OLNHO\ WR EH
UHODWHG WR WKH PRUH KHWHURJHQRXV SK\VLFDO QDWXUH
RI HOHSKDQW GXQJ ZLWK ERWK IOXLG DQG ILEURXV GXQJ
SDUWLFOHV 7KH SUHVHQFH RI PDQ\ HQGHPLFV  
SUHGRPLQDQFH RI O. andrewesi, DQ HQGHPLF RI WKH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH :HVWHUQ *KDWV DQG D. setosus UHFRUGHG RQO\ IURP
WKH ,QGLDQ FRQWLQHQW DQG WKH KLJKHU LQFLGHQFH RI
WKH ROG ZRUOG UROOHU O. laetum PDNHV GXQJ EHHWOH
DVVHPEODJH LQ WKH PRLVW IRUHVWV RI WKLV UHJLRQ
XQXVXDO 7KH GRPLQDQFH RI GZHOOHUV 2QLWLFHOOLQL
RYHU UROOHUV PDNHV WKH IXQFWLRQDO JXLOG VWUXFWXUH
RI GXQJ EHHWOH DVVHPEODJH RI WKH :D\DQDG IRUHVWV
PRUH VLPLODU WR WKH GXQJ EHHWOH FRPPXQLW\ RI WKH
,YRU\ &RDVW IRUHVWV RI :HVWHUQ $IULFD DQG GLIIHUHQW
IURP WKRVH RI VRXWK (DVW $VLDQ %RUQHR DQG
1HRWURSLFDO IRUHVWV )XUWKHUPRUH WKH FXUUHQW
VWXG\ UHLWHUDWHV WKDW WKH DEXQGDQFH RI GZHOOHUV LV
DQ LQGLFDWRU RI WKH DYDLODELOLW\ RI XQGLVWXUEHG
GXQJ SDWV DQG KHUELYRUH DEXQGDQFH LQ PRLVW
IRUHVWV +RZHYHU QRW HQRXJK GDWD H[LVWV WR
HVWDEOLVK WKDW WKH SUHGRPLQDQFH RI GZHOOHUV DQG
WKH ORZ DEXQGDQFH DQG VSHFLHV ULFKQHVV RI UROOHUV
LV D JHQHUDO SDWWHUQ DSSOLFDEOH WR HQWLUH PRLVW
IRUHVWV RI :HVWHUQ *KDWV )XUWKHU VWXGLHV DUH
QHFHVVDU\ WR DVFHUWDLQ ZKHWKHU LW LV D UHJLRQDO
SDWWHUQ VSHFLILF WR WKH WUDQVLWLRQDO :D\DQDG
IRUHVWVRI:HVWHUQ*KDWVDORQH
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